In palaemonids, females incubate centrolecithal eggs in a brood pouch until hatching, resulting in a high survival rate for the embryos (Charniaux-Cotton et al., 1992) . The nauplius, a landmark in the development of crustaceans, is embryonized, whereas hatching occurs at the zoea stage (Felgenhauer and Abele, 1983; Helluy and Beltz, 1991) .
The main features related to the embryogenesis of crustaceans with centrolecithal eggs and superficial cleavage are easily recognized in the morphology of the naupliar and postnaupliar embryos (Anderson, 1973) . Several staging schemes have been employed to characterize this embryonic developmental pattern, such the eye index (Perkins, 1972) , quantitative staging based on the eye index (Beltz et al., 1992) , percentage staging (Sandeman and Sandeman, 1991) , and daily staging schemes (Nazari et al., 2000) .
Macrobrachium olfersi (Wiegmann, 1836) is a palaemonid prawn with a broad geographical distribution, ranging from the East Coast of the United States to southern Brazil. These prawns typically inhabit the marginal vegetation of shallow streams, and they can be found in fresh or brackish water (Holthuis and Provenzano, 1970) .
There are publications on the reproductive biology and physiology of M. olfersi (McNamara, 1987; McNamara et al., 1990; Barros, 1995; Anger and Moreira, 1998; Ammar et al., 2001) . The earlier stages of the larval development of M. olfersi were described by Dugger and Dobkin (1975) , and some data on the embryonic development of this species was presented by Mossolin and Bueno (2002) . However, the last authors defined four stages of eggs based only upon yolk coloration and presence of eye spots. This paper is an attempt to establish a staging series for M. olfersi based on the morphological features of the meroblastic development in living and fixed embryos. This series could be used as a tool for studies of the embryonic process in species of Macrobrachium and also as a guide to judge the developmental stages of palaemonids in environmental and experimental conditions.
MATERIALS AND METHODS
Adult specimens of the freshwater prawn M. olfersi were obtained from the Ratones basin, Santa Catarina state (southern Brazil). The animals were taken to the laboratory and placed into 60-liter water tanks, under constant aeration, and a 12:12 light : dark cycle at 258C (6 1).
Five ovigerous females of M. olfersi were monitored from spawning until hatching of the larvae. The average total length of the females was 46.7 mm, and they had a mean fecundity of 1917 eggs. Several eggs were removed for examination from the periphery of the egg masses at 12-hour intervals, during the first two days, and at 24-hour intervals during the remaining period of development.
The percentage scale of the total developmental time was established as 0% when eggs were laid, and as 100% at the moment they hatched (Sandeman and Sandeman, 1991) .
Living embryos were observed with a video monitor system attached to a stereomicroscope (483). Morphological features (Anderson, 1973) and mobility of the embryonic structures were followed and recorded. The eggs were fixed in alcoholic Bouin's fluid for 24-hours and preserved in 70% ethanol.
Ten intact eggs of each embryonic stage were randomly selected and measured. Width and length of fixed eggs were taken with an ocular micrometer on a light microscope at a magnification of 403. Egg volumes were obtained from the formula v ¼ (plh 2 /6), where l ¼ long axis and h ¼ short axis (Odinetz-Colart and Rabelo, 1996) . The eye index (Perkins, 1972) was calculated from the average length and width of the pigmented area of the eyes (n ¼ 10 for each stage).
RESULTS
Egg volume of M. olfersi increased 68% during development and ranged from 0.0229 mm 3 to 0.0720 mm 3 (Fig. 1) . The yolk mass of the centrolecithal eggs was green in contrast to the colorless embryo. The mean time of the embryonic development of M. olfersi was 14 (61) days. The morphological features of the 10 morphological stages defined are described below and represented in Figure 2 .
Precleavage Stage.-0-4% of the development (Fig. 2a ).-The fertilized egg is oval and is tightly enveloped by the transparent chorion. No embryonic structure can be seen on the surface of the egg. The yolk mass is granular and dark green.
Cleavage Stage.-4-7% of the development (Fig. 2b ).-The first evidence of embryonic development is the appearance of several blastomeres on the surface of the egg. The blastomeres are of similar sizes, with prominent nuclei. They become better individualized as the cleavage furrows deepen. With repeated cell divisions, the number of blastomeres increases. There is a gradual decrease of cell size, when the blastoderm is organized.
Gastrula Stage.-7-14% of the development (Fig. 2c ).-Some cells from the blastoderm migrate towards the egg pole, forming the blastoporal area. In this region, a pale halo formed by the embryonic cells can be seen around a slight depression. Some of these cells undergo shape changes and immigrate to the inner part of the egg.
Germinal Disk Stage.-4-21% of the development (Fig. 2d ).-As the development progresses, the embryonic cells organize superficial cell layers, establishing a V-shaped germinal disk. High density regions of cells can be observed at the blastoporal area and on the upper extremities of the germinal disk. Some blastomeres can still be seen on the surface of the egg. Naupliar Stage.-21-29% of the development (Fig. 2e ).-A typical embryonized nauplius can be observed in one hemisphere of the egg. Three pairs of naupliar appendages can be seen: the antennulae, antennae, and mandibles. The mandibles are the shortest pair, whereas the antennulae and the antennae are longer but similar in lengths to each other. The stomodaeum is clearly demarked in the central region of the embryo. The translucent embryonic body is easily sep- 
arated from the yolk. The yolk mass occupies approximately 95% of the egg volume.
Caudal Papilla Stage.-29-36% of the development (Fig. 2f ).-The caudal papilla and the optical lobes have developed on the high density areas of cells at the upper and lower extremities of the germinal disk, respectively. After the growth and ventral folding of the caudal papilla, its medial line becomes evident, and three pairs of rudiments of the postnaupliar appendages can be seen along this structure. Bifurcation of the antennulae becomes visible.
C-Shape Stage.-36-50% of the development (Fig. 2g) .-There is a large increase in the embryo's size, mainly on the anteroposterior axis. The embryo acquires the ''C'' shape, and the caudal papilla reaches the naupliar appendages. Five postnaupliar appendage buds can be seen along the caudal papilla. The naupliar appendages are seen as lengthy narrow structures that overlap the postnaupliar ones. The optical lobes demark the anterior region of the embryo body. As a consequence of the growth of the anterior region and the reduced space in the egg, the optical lobes bend anterolaterally, covering part of the yolk. It is possible to observe chromatophores, mainly in the anterior region of the embryo.
Pigmented-Eye Stage.-50-64% of the development (Fig. 2h) .-When the eyebud is first seen, it appears as a thin pigmented line located at the posterior part of the optical lobe. There is a gradual increase of the pigmented area of the eye during this stage. The caudal papilla has grown considerably, and it overlaps the optical lobes. The extremity of the caudal papilla, which presented a rounded shape during the previous stages, is now seen as the rudiment of a telson. Both naupliar and postnaupliar appendages are long and overlap. The cephalothorax begins to organize, as a thin layer of cells starts to involve the yolk. In live embryos, it is possible to observe the first movements of the embryo, which include irregular heartbeats and sudden spasms (Table 1) .
Segmented Abdomen Stage.-64-93% of the development (Fig. 2i ).-The thoracic appendages start to fold towards the abdomen, eventually becoming parallel to each other. The abdominal segments become visible, and the abdomen is individualized from the rest of the embryo. The telson reaches and covers the optical lobes. The yolk mass decreases and occupies 25% of the egg volume. The shape of the egg is more elongated during this stage, because of the large size increase of the embryo. The optical lobes are observed as prominent and round, and the eye index increases drastically (Fig. 1) .
Pre-Hatching Stage.-93-100% of the development (Fig. 2j ).-Shortly before hatching, the embryo occupies all the space of the egg, except for a small region behind the optical lobes still filled with yolk. One third of the optical lobes are covered by the eye pigmentation. The eyes are oval, presenting an eye index of 140.79 lm. The regions of the embryo body, the cephalothorax and the abdomen, are easily recognized. A carapace covering the dorsal part of the embryo can be seen. The antennulae, antennae, three pairs of maxillipeds, and two pairs of pereiopods are segmented and folded towards the abdomen as a result of the limited egg space. The abdomen is organized in five segments, and no abdominal appendages are formed. The telson is positioned beyond the optical lobes. At the extremities of the appendages and telson, a large quantity of setae can be observed.
DISCUSSION
The development time of M. olfersi is short if compared with that of other decapods, such as Homarus americanus (see Helluy and Beltz, 1991) and Erimacrus isenbeckii (see Nagao et al., 1999) . However, these species have much larger eggs than M. olfersi and are usually found Weygoldt, 1961) , M. carcinus (see Müller, 1984) , M. acanthurus (see Bressan and Müller, 1997) , Palemonetes argentinus (see Nazari et al., 2000) , reveals that these species present the same sequence of appearance of the embryonic structures. In M. olfersi, the first events of the embryogenesis follow the intralecithal cleavage pattern described by Anderson (1982) for crustaceans with larger eggs. This pattern is characterized by the migration of the blastomeres from the center of the egg, yielding a blastoderm that involves the yolk mass.
During intralecithal cleavage, the yolk mass remains uncleaved. The germinal disk is organized on the surface of the egg, followed by the formation of the embryonized nauplius. These events are typical of the superficial meroblastic developmental pattern (Helluy and Beltz, 1991; Talbot and Helluy, 1995) . Species presenting the embryonized nauplius as an egg stage undergo a prolonged developmental sequence. Hatching occurs at the zoea stage, morphologically more complex than the free-swimming nauplius larvae, the typical larvae of the oligolecithal and mesolecithal eggs. However, in centrolecithal eggs, some larval stages are retained in the egg, resulting in an abbreviated larval development (Gore, 1985; Rabalais and Gore, 1985) .
In M. olfersi, the meroblastic pattern was best recognized in the gastrula, germinal disk and naupliar stages, which corresponds to 7-29% of development (Table 2 ). These early embryonic events are also observed until 20% of development in Cherax destructor (Sandeman and Sandeman, 1991) ; in Erimacrus isenbeckii, until day 111 of development (Nagao et al., 1999) ; in Homarus americanus, at 5% of development, which corresponds to day 8 of development (Helluy and Beltz, 1991) ; in Uca lactea, at days 5 and 6 of development (Yamaguchi, 2001) ; and in Palaemonetes argentinus, at day 2 of development (Nazari et al., 2000) .
The presence of the lateral eyes and heartbeat are developmental landmarks that can be observed at aproximatelly 50% of the development of M. olfersi. The similar time proportion was observed in P. argentinus (Nazari et al., 2000) and U. lactea (Yamaguchi, 2001) (Table  2 ), which present similar incubation periods.
The heartbeat is a very important criterion that is complementary to eye pigmentation, because both these features have a synchronized origin in M. olfersi. In Arenaeus cribrarius (see Pinheiro and Hattori, 2002) , synchrony on the appearance of these embryonic characteristics is also observed.
Previous studies show that the establishment of developmental stages is arbitrary, because there are no standard methods for staging crustacean embryos. Different criteria can be Yamaguchi, 2001 ) 15 V 2-3 days 5-6 days 7-8 days 9-10 days 7-8 days 9-10 days used to define the stages of the developmental process, such as age (Nazari et al., 2000) , events (Nagao et al., 1999) , or fixed percentage of the total time (Sandeman and Sandeman, 1991) . Thus, the number of embryonic stages established in different species varies widely, as observed for Cherax destructor (see Sandeman and Sandeman, 1991) and Necora puber (see Valdes et al., 1991) , which present similar developmental times but 20 and five stages of development, respectively, according to the aim of the embryonic analysis ( Table 2) . The percentage method is recommended for studies of embryology of crustaceans because it allows an even distribution of stages over the development period. It is also a simple method accessible to nonspecialists. More importantly, percent staging can be employed to track the appearence of the crustacean developmental landmarks, contributing to the comparative analyses of embryogenesis between species with very distinct egg sizes and developmental times.
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